This study aims to identify technical words in research articles across sub-disciplines in computer science field. A corpus of research articles in computer science was constructed, comprised of 10,450,035 running words from 1045 research articles across ten sub-disciplines of computer science. The technical word List for research articles in computer science was created by the methods of computer-based analysis and the rating scales. 769 technical word types were identified and listed in Appendix A. The computer science field-oriented technical words list is expected to meet the needs of learners in this field.
snippet. Some technical words now become the everyday words in English, such as folder, database and disk in computer science. Some every day words may have the technical meaning, such as query, recall and server.
Technical words can account for a certain proportion of the words in the specialized texts. Nation (2003 and 2004) stated that technical words constitute more than 30% of tokens in medical texts. Patanasorn (2018) developed a frequent technical word lists for finance, containing 979 technical words (569 headwords and their word family members, 413words appear in the GSL, 291words appear in the AWL wordlist and 275 words are unique to the finance field. Coxhead and Demecheleer (2018) investigated the technical vocabulary of plumbing, which covers over30% of the written corpus and over 11% of the spoken corpus.
Identifying Technical Words
There are several methods used to identify technical words: rating scales (Chung & Nation, 2003) ; a technical dictionary (Oh et al., 2000) ; context clues (Flowerdew, 1992) ; computer-based method (Chung & Nation, 2004; Anthony, 2010) and hybrid method (Kwary, 2011; Patanasorn, 2018; Coxhead & Demecheleer, 2018) . Having compared the first four different methods of identifying technical words, Chung and Nation (2004) concluded the rating scale method is the most accurate but time-consuming and the computer-based method works best in terms of practicality. Chung and Nation (2003) designed a four-step rating scale to identify technical words. In Step1, experts identify words with no particular relationship with a specialized area. For example the function words like the, is, by would be classified as the least technical words. In Step 2, experts tell words whose meaning is minimally related to a specialized area. In Step 3, experts identify words with meaning closely related to a specialized area. In Step 4, experts identify words whose meaning is specific to a specialized area. The context is of great value for experts to identify technical words or non-technical words in the four steps.
Computer-based method can be done in two ways, by using vocabulary classification program like Range program and by using keyword analysis program like AntConc. The Range program (Healty et al., 2002) provides a range figure (how many texts the word occurs in) and a headword frequency figure (the total number of times the actual headword type appears in all the texts). Three word lists (the 1000, 2000 high frequent words lists and a 570 academic words list) in the Range program were used as stop lists. Words in the stop lists were excluded from the new list created by computer automatically. Running the Range program generated Type and Family output, which provides information on the overall coverage of the four lists (the 1000, 2000 high frequent words lists and the 570 academic words list and the Not Found in Any List). The Not Found in Any List covers technical words and low frequency words. The keyword analysis program AntConc (Anthony, 2010) generated keywords. A keyword means a word which occurs with unusual frequency in a given text (Scott, 1997) . The technical texts should be large enough to ensure that there are plenty opportunities for the technical words to occur. The non-technical reference corpus is not allowed to include any texts from the target corpus and it should not be smaller than the target corpus. Kwary (2011) stated that the Range program causes a problem: some words in high frequency words lists may also belong to technical words, but they are excluded due to the stop lists. There are also weak points in AntConc: the absence of the word class and the production of only single-word units.
Realizing the drawbacks of a single method, researchers began to resort to hybrid method to identify the technical words. Kwary (2011) mixed the keyword analysis method and the systematic classification method to identify the technical words in a financial text. Patanasorn (2018) combined keyword analysis method with a modified rating scale to develop a frequent technical words list for finance. Coxhead and Demecheleer (2018) used the Range program and rating scale method to investigate the technical vocabulary of plumbing.
These studies shed light on the necessity and practicality of developing technical words list for a specialized area. Considering the students' need of technical words for reading research articles in computer science discipline, this paper focused on developing a list of frequent technical words in corpus of research articles in computer science(hereafter CRACS )via a combined method. The Range program and the rating scale will be combined to identify the technical words in CRACS. The following two questions will be answered in this paper. 1) How many technical words are there in CRACS? 2) How are the technical words in CRACS distributed in terms of range and frequency?
Methodology
The CRACS was comprised of 10,450,035 running words from 1045 computer science research articles across ten sub-disciplines of computer science. This corpus-based study aims to identify technical words in CRACS.
The Corpus
The construction of CRACS followed the criteria proposed by Sinclair (2005) covering representatives, specificity of corpus, use of whole documents and availability in electronic form. With the subject specialist's recommendation in our university, we extract research articles published in journals across the ten sub-disciplines, which are shown in Table 1 below. CRACS contains 1045 articles from ten journals published during 2010-2014. The large capacity of the CRACS supports Chung and Nation's (2003) suggestion that larger representative corpus of a technical field would be needed for listing a definitive technical vocabulary for that field. The corpus represents a genre, the experimental research articles, and a field, the computer science. The articles are stored in the form of texts with their reference, appendices, captions, footnotes and acknowledgements removed, keeping the introduction-method-results-discussion format.
The Computational Analysis
Chung and Nation (2004) compared four different approaches to identifying technical words in an anatomy text and concluded that computer-based approach works the best in terms of practicality. The computer software Range (Heatly et al., 2002) was employed for the analysis. The output provided information on the overall coverage of the four lists (the first and second thousand words of the GSL, the AWL and Not found in any list). The Not Found in Any List covers technical words and low frequency words. The computational result was shown in Table 2 .
The three criteria including range, frequency and word type were used to create a computer science technical word list. Coxhead (2000) argued that the range threshold can ensure that words count are found across the breadth of the texts rather than related to particular longer texts or topic related words. Words had to appear in at least 5 out of the10 sub-disciplines. The frequency threshold in past studies ranged between 10 and 40 times per million tokens. As far as the 10 million words in the present corpus were concerned, appearing 100 times at least was the selection thresholds. Word type is single word like alter or alters. Bauer and Nation (1993) defined that a word family includes the basic word plus inflected forms and transparent derivations, for example ALTER: alter, alterable, alteration, alterations, altered, altering, alternate, alternating, alters, unalterable and unaltered. Chung and Nation(2003) argued that word types, rather than word families, were used as the unit of counting the technical vocabulary in specialized texts on the ground that one or two members of a family were technical words, not all of them were technical words. Therefore this study followed word type criterion to count words. With the help of the Range program, 1262 word types were extracted by adopting the criteria of range, frequency and type. 
Manual Refinement
This list of 1262 word types required further scrutiny in order to select and present the technical words in a more systematic and pedagogically useful way. The 1262 word types underwent the four-step rating scales. Each word was assessed independently by the two researchers to determine whether a specific word should be included or not. In step 1, those words not related to computer science but used in general language were excluded. In step 2 words with minimally related to a computer science were excluded. In Step 3, words with meaning closely related to computer science were included. In Step 4, words specific to computer science were included. With regard to their advantages of the more current, accurate and comprehensive lists, the new general service list (new GSL) (Brezina & Gablasova, 2015) and the academic vocabulary list (AVL) (Gardner & Davies, 2014) were applied to identifying technical words from the 1262 word types. Therefore, the aim of manual vetting is to identify those GSL, new GSL, AWL, and AVL words with high frequency and specific meanings in computer science discipline. Word like recall in the new GSL and word like query in the AVL should not be excluded from the technical words list when their specific meanings, uses and collocations are taken into considerations. Chung and Nation (2004) proved that if common collocations of terms are included to identify the technical words, the rate of correct identification of technical terms will rise. Picture 1 and Picture 2 show that the word recall is highly collocated with precision and query is highly collocated with processing and performance. Words recall and query in the CRACS have their specific meanings.
Picture 1. Collocations of recall
Picture 2. Collocations of query
Results and Discussion

Technical Word List for Research Articles in Computer Science
After the stages of computational analyses and manual refinement as elaborated above, the Technical Word List for Research Articles in Computer Science (hereafter TWLRACS) with 769 word types was constructed. The percentage of words in the four lists was presented in Table 2 . And it shows that words in the Not Found in Any List make up 95.29% of the total types, a most striking coverage by the technical words and low frequency words. 1262 word types were extracted from the Not Found in Any List which met the range and frequency standards (range ≥ 5; frequency ≥ 100). There are 769 word types left after the manual refinement and there are 333 AVL words, 50 new GSL words and 110 other words excluded from the 1262 word types. The new GSL and particularly the AVL are helpful in filtering non-technical words, which overcoming the drawbacks of West's GSL and Coxhead's AWL as baseword lists in the range software. The top ten technical words are presented in Table4. Words like algorithm, node, query covered all the ten sub-disciplines areas and occurred more than 10,000 times. The top ten AVL words excluded from the 1262 word types were presented in Table 5. AVL words  like graph , linear, matrix, mapping, spatial, static, metric, temporal, partition and calculus covered all the 10 sub-disciplines areas and occurred more than 1000 times. The top ten new GSL words excluded from the 1262 entries were shown in the Table 6 . The new GSL words such as traffic, client, reference, candidate, score, capture, mobile, robust, cell, clients also had high coverage and frequency. Though the 333 AVL words and 50 new GSL words do not belong to technical words, their high coverage and frequency alerted that there is no reason to ignore their significance. They are listed in Appendix B and Appendix C respectively. 
Distribution in Terms of Range and Frequency
This part analyzed the distribution of the 769 technical word types in the TWLRACS in terms of range and frequency. Table 7 shows that how the 769 technical word types in computer science had been distributed in terms of range. Of the 769 technical words in the list, 202(26.27%) of word types covered all the 10 subject areas, 147(19.11%) covered 9 subject areas, 116(15.08%) covered 8 subject areas, 154(20.03%) covered 7subject areas, 98(12.74%) covered 6 subject areas and 52(6.76%) covered 5 subject areas. More than half of the words (465) occurred in 8 or more of the 10 sub-disciplines areas. Table 8 presents us the frequency distribution of the 769 technical words in the TWLRACS. Of the 769 technical words in the list, 29 word types (3.77%) occurred more than 2000 times in the CRACS. 55 word types (7.15%) occurred more than 1000 times but fewer than 2000 times. There are 305 word types with frequency ranging from100 to 199 times, which accounts to 39.66.69% of the total technical word types. More than half of the words (438) in the TWLRACS appeared with frequency ranging from 100 to 299. The clear picture of the frequency distribution can be described as the following: the higher the frequency is, the less word types were distributed. Table 9 lists the top 20 technical words which are with frequency more than 2000 times and coverage of the 10 sub-disciplines. Richards (2001:7) claims that" words with the highest-frequency and the widest range are considered to be the most useful ones for the purpose of language teaching" .Therefore, the 769 technical word types in the TWLRACS were listed by their range and frequency order instead of by alphabetic order. 
Conclusion
The present study focused on extracting technical words in research articles of computer science discipline and it provided a list of 769 technical word types with high frequency and wide range. The list is based on the computational analyses of ten sub-disciplines research journals in the computer science field and manual refinement of the 1262 word types. Such computer science field-oriented list will more closely meet the needs of learners in this field. As Durant (2014) proved, disciplines appear to be good units of analysis for vocabulary listing. The present study also produced a list of 333 AVL word types that are frequently used in research articles of computer science discipline. Gardner and Davies (2014) believed that the AVL is the most current, accurate and comprehensive list of core academic vocabulary in existence today. The AVL functioned as a useful filter in helping us to exclude non-technical words. Furthermore, our result lend support to the argument that some GSL and AWL words are used with academic meaning or technical meaning in specialized contexts (Martinez et al., 2009 ).
The future research will attempt to develop the collocation of the 769 technical word types in CRACS. Chung and Nation (2003) pointed that the common collocations and grammatical patterns of the technical words were beneficial to students.
